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BPI-IMMUNOGLOBULIN FUSION PROTEINS 

This application is a continuation-in-part of co-pending U.Sf Patent 
Application Serial No. 07/885,911, filed May 19, 1992. 

field Of The Invention 

5 The present invention generally relates to recombinant hybrid fusion 

proteins useful in treating bacterial infection in humans, DNA sequences encoding 
such proteins, recombinant methods for preparing the proteins, and pharmaceutical 
preparations containing the recombinant products. Hybrid fusion proteins of the 
present invention are expression products of direct transcriptional fusions of DNAs 

10 encoding bactenaaai/permeaoiiity-increasmg protein or a biologically active fragment 
thereof and DNAs encoding one or more immunoglobulin heavy chain constant 
regions, which fusions have been incorporated into a suitable plasmid vector and 
transfected or transformed into a host cell. The recombinant-produced BPI- 
Immunoglobulin fusion protein expression products (hereinafter "rBPI-Ig") are useful 

15 as endotoxin binding proteins and as bactericidal agents. 

Background Of The Invention 

Bactericidal/permeability-increasing protein (hereinafter "BPI") is a 
cationic protein which binds to the lipid A portion of bacterial lipopolysaccharide 
(hereinafter "LPS"). Binding of the BPI protein to bacterial LPS increases the 
20 envelope permeability of susceptible gram negative bacteria. Ooi, et ol., J, Biol 
Chem., 252:14891 (1987). BPI also binds to soluble LPS. Human BPI protein has 
been isolated from polymorphonuclear neutrophils (hereinafter "PMNs w ) by acid 
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extraction combined with either ion exchange chromatography or E. coli affinity 
chromatography. Elsbach. et al. J. Biol Chenu, 254:11000 (1979); Weiss et al., 
Blood, 69:652 (1987). 

The holo-BPI protein isolated from human PMNs has potent 
5 bactericidal activity against a broad spectrum of gram-negative bacteria. Elsbach, et 
al, J. Biol Chenu, 254:11000 (1979). This antibacterial activity appears to be 
associated with the amino terminal region of the isolated human holo-BPI protein. 
In contrast, the C-terminal region of the isolated human BPI protein displays only 
slightly detectable anti-bacterial activity. Ooi, et al., J. Exp. Med., 1 74:649 (1991). 

10 Human DNA encoding BPI has been cloned and the amino acid sequence of the 
encoded protein has been elucidated. Gray et al., J. Biol Chenu, 2«:9505-9509 
(1989); U.S. Letters Patent No. 5,198,541. 

Immunoglobulins comprise a family of proteins with numerous 
structural similarities, but also important structural differences which result in 

15 differences in antigen binding properties and other biological activities. For example, 
the IgG isotype antibodies have the longest serum half life and are susceptible to 
placental transfer. The most potent anti-viral activity is associated with the IgA 
isotype antibodies; while the IgM isotype antibodies possess the greatest antibacterial 
efficacy. Stites, et al Basic and Clinical Immunology, p. 32 (Appleton & Lange, 6th 

20 ed. 1987). Within each isotype of antibody in the immunoglobulin family there exist 
several subclasses and allotypic variations. Id. 

Members of the so-called "immunoglobulin gene superfamily " generally 
possess extracellular domains which are characterized by multiple looping due to the 
formation of disulfide bridges. Such looping occurs in the heavy chain constant 

25 domains, (designated CHI, CH2, CH3, and CH4) of immunoglobulin molecules. 
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Non-immunoglobulin compounds possessing multiple looping domains which are 
liOiTiologous to those present in ^ pr "^^ of the immunoglobulin superfamily also 
exist and certain of these have been termed "adhesons". See, e.g., PCT Application 
No. WO89102922, published April 6, 1989; Capon et al., Nature, 537:525-531 
5 (1989). 

Of particular interest to the present invention are reports of the 
recombinant synthesis of hybrid fusion proteins involving a portion of an adheson as 
the first component and an immunoglobulin heavy chain constant region as a second 
component of the fusion. See, e.g. , Harris, Eur. J. Biol Chem. , 194:61 1-620 (1990) 

10 and Capon et al, supra, addressing the formation of CD4/IgG fusions. The 
structural design rationale for such a molecule is based on the observation that the 
adheson component of the fusion has a structure similar to that of the immunoglobulin 
component, and would therefore be expected to fold in a manner which is 
complementary to that of the immunoglobulin component. See Gascoigne, et al., 

15 P.N.A.S. (USA), 84:2936-2940 (1987) addressing recombinant chimeric T-cell 
receptor-immunoglobulin proteins. See also Mariuzza, et ah, J, Biol Chem., 
264(73,1:7310-7316 (1989); Goverman, et al, Cell 60:929-939 (1990); Gregoine, et 
oL P.N.A.S. (USA), 55:8077-8081 (1991); Bismuth, et al, Molecular Immunol, 
27(ll)\\\21-l 136 (1990) (addressing similar T-cell receptor-immunoglobulin fusions). 

20 A soluble CD44-immunoglobulin fusion protein has also been reported. Aruffo, et 
d., Cell 67:1303-1313 (1990). 

Ashkenazi, et al, P.N.A.S. (USA), 55:1035 (1991) report protection 
against endotoxic shock through use of a chimeric immuno-adhesin protein (an 
adheson variant) which acts as a tumor necrosis factor (TNF) antagonist. The TNF 

25 antagonist reported therein is a hybrid fusion protein wherein the extracellular portion 
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of a TNF receptor (TNFR) protein is fused to a constant domain of a human IgG 
heavy Jiain. This TNFE IgG fusion report^y hinds tn and blocks the cytotoxic 
effect of TNF on actinomycin-D treated cells and provides protection against 
endotoxin challenge when administered prior to the endotoxin. 

5 Significantly, all of the fusion proteins described above have involved 

molecules that are expressed on the surface of cells as integral membrane proteins 
and, with the exception of CD44 and the TNF receptor, have possessed structures 
characteristic of the immunoglobulin gene superfamily. 

Published PCT application WO92/03535 reports the construction of 

10 fusion of an amino-terminal portion of BPI to cDNA encoding the constant domain 
of IgG. However, that report fails to indicate how such protein-cDNA constructions 
are made and further fails to teach how many other types of BPI-Ig fusion may be 
constructed. 

Summary Of The Invention 

15 The present invention provides novel hybrid fusion proteins useful in 

treating bacterial infection and the sequelae thereof. Also provided are DNA 
sequences encoding such proteins, recombinant methods for preparing the proteins, 
and pharmaceutical preparations containing the recombinant products. 

According to one aspect of the invention, hybrid fusion proteins are 

20 provided which, at their amino terminal, comprise a bactericidal/permeability- 
increasing protein or a biologically active fragment thereof fused to at least one 
constant domain of an immunoglobulin heavy chain or an allelic variant thereof which 
forms the carboxy terminal of the fusion protein. 

In a preferred embodiment of the invention, the immunoglobulin heavy 
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chain constant region portion of the fusion comprises two domains of the heavy chain 
constant region and most preferably the CH2 and CH3 domains. Fusion proteins of 
the present invention may also possess an immunoglobulin hinge region between the 
immunoglobulin and BPI regions. 
5 Immunoglobulin heavy chain constant domains useful in formation of 

hybrid proteins of the present invention may be patterned after any isotype, but are ' 
preferably based on IgG, IgA, or IgM isotypes or allelic variants of those isotypes. 

In presently preferred embodiments of the invention, hybrid fusion 
proteins comprise an amino terminal fragment including from 176 to 199 of the initial 

10 amino terminal residues of the mature human BPI protein. Also, the BPI portion of 
the fusion may comprise a BPI analog, wherein the cysteine residues at either or both 
of positions 132 and 135 of the native BFl sequence is replaced by another amino 
acid, preferably alanine or serine. When produced by recombinant methods, fusion 
proteins are isolated in monomelic or homodimeric forms. 

15 According to another aspect of the invention, DNA sequences are 

provided which encode the above-described hybrid fusion proteins. Also provided 
are autonomously replicating DNA plasmid vectors including such DNA sequences 
and host cells stably transformed or transfected with such DNA sequences in a 
manner allowing their expression. DNA which confers optimized expression of the 

20 protein product are preferred for incorporation into rBPI-Ig fusion vectors. 
Transformed host cells of the invention are of manifest utility in procedures for the 
large-scale production of the fusion proteins involving the cultured growth of the 
hosts in a suitable medium and the isolation of the proteins from the cells or their 
growth medium. 

25 The invention also provides novel pharmaceutical compositions 



WO 93/23434 



PCT/US93/04754 



comprising hybrid fusion proteins according to the invention together with 
pharmaceutical^ acceptable diluents, adjuvants, and carriers. The compositions are, 
in turn, useful for treatment of Gram negative bacterial infections and the sequelae 
thereof including endotoxin related shock and one or more conditions associated 
5 therewith such as disseminated intravascular coagulation, anemia, thrombocytopenia, 
leukopenia, adult respiratory distress syndrome, renal failure, hypotension, fever, * 
and metabolic acidosis. Providing the BPI protein or protein fragment or analog 
protein as part of a fusion with an immunoglobulin (Ig) heavy chain constant region 
provides the potential advantages of Fc receptor binding, bivalent binding to LPS, 

10 complement binding, and increased placental transfer. 

A problem encountered in the preparation of pharmaceutical-grade BPI 
products is the formation of macroscopic particles which may decrease the 
homogeneity and activity of the product Therefore, preferred pharmaceutical 
composition containing rBPI-Ig fusion proteins comprise the combination of a 

15 poloxamer (polyoxypropylene-polyoxyethylene block copolymer) surfactant and a 
polysorbate (polyoxyethylene sorbitan fatty acid ester) surfactant. Such combination 
are taught in co-pending, co-owned U.S. Patent Application Serial No. 08/012,360 
by McGregor to have synergistic effects in stabilizing pharmaceutically-active 
polypeptides against particle formation. Most preferred is a composition in which the 

20 rBPI-Ig fusion is present in a concentration of 1 mg/ml in citrate buffered saline (0.02 
M citrate, 0.15 M NaCl, pH 5.0) comprising 0.1% by weight of poloxamer 188 
(Pluronic F-68, BASF Wyandotte, Parsippany, NJ) and 0.002% by weight of 
polysorbate 80 (Tween 80, Id Americas Inc. , Wilmington, DE). 

Numerous additional aspects and advantages of the invention will 

25 become apparent to those skilled in the art upon considering the following detailed 
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description of the invention which describes presently preferred embodiments thereof. 

Brief Description Of The Drawings 

Fig. 1 demonstrates the results of SDS-PAGE performed on the eluate 
from columns containing fusions according to the invention. 
5 Figs. 2 and 3 depict the binding of soluble, recombinant-produced BPI 

("rBPI") and rBPI-lg to LPS. 

Fig. 4 depicts the binding of immobilized rBPI-lg to soluble LPS. 

Fig. 5 depicts the bactericidal activity of products of the invention on 
E. coli J5 cells. 

10 Figs. 6 and 7 depict the binding of products of the invention to U937 

cells as detected with goat anti-human gamma peroxidase. 

Fig. 8 depicts the differential binding of products of the invention to 
the surface of U937 cells. 

Fig. 9 depicts binding of rBPI(l-199)-Ig fusion protein and rBPI(l-199) 

15 to 3 H heparin. 

Fig. 10 depicts the serum clearance of 125 I rBPI(l-199)-Ig fusion 
proteins and 125 I rBPI(l-199) in rats. 

Fig. 11 depicts the results of an LAL inhibition assay involving rBPI 
(1-199) and rBPI(l-199) -Ig fusion proteins. 

20 Detailed Description 

The following detailed description addresses the manufacture of BPI-Ig 
fusion proteins according to the present invention. More specifically, Example 1 
relates to the construction of DNA sequences for expression of various rBPI-lg fusion 
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proteins according to the present invention. Example 2 relates to the incorporation 
0 f TWAs of Example 1 into host cells and expression of encoded proteins. Example 
3 relates to production, scale up, and isolation of fusion proteins according to the 
invention. Example 4 provides immunological and activity-based characterizations 
5 of fusion proteins according to the invention. Example 5 provides properties of 
fusion proteins according to the invention, including binding properties, 
pharmacokinetic properties, and in vivo properties. 

EXAMPLE 1 
Construction Of rBPI-Ig Expression Vectors 

10 A. Construction Of Vectors For Expression Of 

rBPI-Ip Fusion Proteins Involving IeG Regions 

Several vectors were constructed for expression of hybrid fusion 

proteins. These generally consisted of direct transcriptional fusions between DNAs 

encoding portions of BPI and one or more domains of a human immunoglobulin 

15 gamma-1 heavy chain constant region (IgG, HC; Fc region). These vectors differed 
in the exact locations of the junctions between the BPI and IgG-encoding sequences. 

Plasmid vectors described herein for the expression of rBPI-Ig fusion 
proteins in mammalian cells were constructed based on vectors (e.g., pING2227) that 
were originally developed for expression of immunoglobulin heavy chain genes. The 

20 construction of pING2227 is described in Robinson et al , Hum. Antibod. Hybridomas 
2:84-93, (1991). That vector contains the following features: the mouse 
immunoglobulin heavy chain enhancer element, the LTR enhancer-promoter from 
mouse Abelson virus DNA, the SV40 16S splice junction at the 5' end of the gene 
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to be expressed, and the human genomic gamma- 1 polyadenylation sequence at the 
3' pnH The vertnr has SnU and SstTl cloning sites into which the eene to be 
expressed may be inserted. The vector also contains a selectable marker (neo) under 
the control of the SV40 early promoter, and sequences of pBR322 necessary for 
5 growth in £. coli. The vector pING2237N, which was derived from pING2227, 
contains a unique Notl site introduced at the unique Aatll site in the pBR322-derived 
sequence of pING2227. Instead of the neo selectable marker gene, pING2237N 
contains an altered mouse dihydrofolate reductase ("DHFR") gene sequence as 
described by Simonsen et of. P.N.A.S. (USA), 80:2495-2499 (1983). Plasmid 

10 pMB27, employed in certain of the rBPI-Ig constructions described below, is 
essentially identical to pING2237N, incorporating a DNA insert specifying the heavy 
chain coding region of chimeric H65 f an antibody directed against CDS consisting of 
a mouse variable region and a human IgGl constant region. 

The expression vector, pING4503, was used as a source of DNA 

15 encoding a recombinant expression product designated H rBPI(l-199), i.e., a 
polypeptide having the 31 -residue signal sequence and the first 199 amino acids of the 
N-terminus of the mature human BPI as set out in SEQ ID NOS: 1 and 2 except that 
valine at position 151 is specified by GTG rather than GTC and residue 185 is 
glutamic acid (specified by GAG) rather than lysine (specified by AAG). The BPI 

20 product designated H rBPI(l-199) w herein has previously been referred to as "rBPI-23" 
and the holo-rBPI protein has previously been referred to as "rBPI-SO". See, e.g., 
Gazzano-Santoro, et al, Infection and Immunity, 60:4754-4761 (1992); co-owned, 
co-pending U.S. Patent Application Serial No. 07/885,911. The BPI-encoding DNA 
in pING4503 is inserted into unique Sail and SstU sites in the vector. Plasmid 

25 pING4503 is otherwise identical to pING2237N except that pING4503 contains a gpt 
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selectable marker instead of DHFR. 

Two vectors, plasmid pING4511 and plasmid pING4512, were 
designed for fusion of DNA encoding 3D bp of the 5' untranslated region, the signal 
sequence and the first 191 amino acids of human BPI at an in-frame, blunt junction 
5 with IgG HC DNA sequences. 



1. Construction Of pING4511 

To construct pING4511, plasmid pING4503 was cut with AhvNl, the 
ends were made blunt with T4 DNA polymerase, and the DNA was then cut with 
Sail. The resultant ~700bp Safl/blunt DNA fragment contained the 30bp 5' 
10 untranslated sequence and the DNA encoding the signal and first 191 amino acids of 
-BPI and was gel purified. IgG HC sequences were PCR amplified from plasmid 
pMB27 (described above) using the following primers: 

(1) Primer CH2-Msc having the sequence, 
5 , -CGTATGGCCAGCACCTGAACTCCT-3 > (SEQ. I.D. NO. 3.) was designed for 

15 top strand amplification and to introduce an Mscl site (TGGCCA) at the 5' end of the 
CH2 region amplified. 

(2) Primer KAO-y3 having the sequence, 

5'-G AGGGCTTTGTTGG AGA-3 ' , (SEQ. I.D. NO. 4) was designed for bottom 
strand amplification commencing with the sequence downstream (3') of an .ton site 
20 of IgG HC within pMB27. 

PCR amplification was accomplished using the GeneAmp PCR Kit 
(Perkin-Elmer Cetus, Norwalk, CT), according to the manufacturer's protocols. A 
typical PCR amplification reaction was carried out for 30 cycles consisting of 1 
minute denaturation at 94°C, 2 minutes annealing at 55°C, 3 minutes extension at 
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72°C, followed by a final 10 minute extension at 72°C. The DNA amplified with the 
primers described above was digested with Mscl and Ssill, and the resulting 
approximately 185bp fragment was gel purified. The 5' (blunt) end of this fragment 
was designed to correspond to the sequence "PAPELL....", (SEQ ID NO: 5) located 
5 at the 5' end of the CH2 domain of the IgG HC, immediately after the hinge region; 
the 3* end corresponds to the unique SsiR site within the CH2 domain. This fragment 
was then ligated together with the Sa/I/blunt, BPI DNA fragment (described above) 
into the SalUSstU digested vector fragment from pMB27 to generate plasmid 
pING451L Upon sequencing across the blunt BPI-IgG junction in pING4511, 
10 however, it was discovered that the Mscl site had not been digested and that, 
therefore, the IgG portion of the fusion protein was not in the same translational 
reading frame as tne UFI portion. This plasmid was therefore not used for 
transfection of mammalian cells, but was used as a source of fragments in the 
construction of other vectors described below. 

15 2. Construction Of P TNfi45 19 

A strategy similar to that employed for construction of pING4511 was 
used to construct pING4512, including fusion of the DNA sequence encoding 30bp 
of 5* untranslated region, the signal and the first 191 amino acids of BPI with IgG 
HC sequences, which also included the hinge region of the IgG HC. The IgG portion 

20 was PCR amplified from pMB27 using the primers KAO73 and primer CH2-2C-Dra 
having the sequence: 5'- C AGTTTA A A ACTC ACAC ATGCCC ACC-3 * (SEQ. I.D. 
NO. 6) and designed to introduce a Drdl site (TTTAAA) at the 5* end of the 
amplified fragment. The amplified PCR fragment was digested with Dral and SstU 
and the resulting approximately 210bp fragment was gel purified. The 5' (blunt) end 
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of this fragment was designed to correspond to the sequence "KTHTCPPC..." (SEQ. 
LP. NO 7) -f 4 residues upstream of the hinge region of the IeG heavy chain); 
the 3' end corresponds to the unique SstR site within the CH 2 domain. This fragment 
was then ligated together with the ~700bp SaWblunt BPI fragment from pING4503 
5 (described above) into the SalUSstU-cut vector fragment from pMB27 to generate 
pING4512. Upon sequencing across the blunt BPI-IgG junction in pING4512, it was 
discovered that the DrdL site had not been digested. The IgG portion was, however, 
maintained in the same reading frame as the BPI portion with the insertion of the 
sequence S'-CAUi i r-3\ coding for the amino acids Gln-Phe, at the junction 
10 between BPI and IgG HC. Plasmid pING4512 was deposited with the American 
Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852 USA on May 
12, 1992, under accession number ATCC 75239. 

3. Construction Of pING4514 And pING4515 

Two rBPI-IgG fusion vectors, plasmids pING4514 and pING4515, 

15 were constructed containing the 30bp 5 ' untranslated sequence, a signal sequence, and 
the initial 199 amino terminal amino acids of human BPI fused to IgG sequences. 
This was accomplished by PCR amplification of the 3' end of the BPI fragment DNA 
insert within pING4503 using the primers BPI-5: 5 , -AGCTTCCCAGTTCCCAG-3' 
(SEQ. I.D. NO. 8) located within the first 199 amino acids of the mature BPI 

20 sequence, and BPI-11: 5'- TATTTTGGTCATTACTGGC AG AGT-3 ' (SEQ. I.D. NO. 
9) corresponding to the 3* end of the BPI fragment sequence (Le. through residue 
199). The resulting PCR fragment was cut with BtfBI, (a site within the BPI coding 
region that is unique in the vector) and the lOObp DNA fragment representing the 3' 
end of the BPI amino terminal fragment through amino acid 199 was then purified. 
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To construct pING4514, representing the fusion of BPI fragment DNA with IgG HC 

"dthO'Jt H." immunoglobulin hmgf i"Poinn thp fnllnunnp thrpp fragmpnts u/ptp KcratP/1 

together: the lOObp flsrBI/blunt BPI 3" end fragment, the Jfid-M IgG HC 
fragment from pING4511 and the BstBl-SstU vector fragment from pING4511. 
5 Plasmid pING4514 was deposited with the American Type Culture Collection, 12301 
Parklawn Drive, Rockville, MD 20852 USA oh May 12, 1992, under accession 
number ATCC 75240. To construct pING4515, representing the fusion of BPI 
fragment DNA to IgG HC sequences which includes the hinge region, the following 
3 fragments were ligated together: the lOObp flwBI-blunt rBPI(l-199) 3' end fragment; 
10 the DraUSstU IgG HC fragment from pING4512; and the BstBJ-SstU fragment from 
vector pING4511. Plasmid pING4515 was deposited with the American Type Culture 
Collection, 12301 Parklawn Drive, Rockville, MD 20852 USA on May 12, 1992, 
under accession number ATCC 75241. 

4. Construction Of pING4528 

15 A BPMgG fusion vector was constructed in which the BPI signal 

sequence was placed in front of the region encoding residues 61-191 of rBPI (i.e., 
involving deletion of residues 1-60 of mature BPI) and then fused to DNA encoding 
the hinge-CH2-CH3 domains of IgG HC. To obtain the fragment encoding the BPI 
signal sequence, pICHO, a plasmid containing the same BPI DNA insert as in 

20 pING4503, flanked by SaR and SstU sites at the 5' and 3' ends, respectively, and 
cloned into the Smal site of pT7T3 18U (Pharmacia, Uppsala, Sweden), was digested 
with Eagl. The ends were made blunt with T4 DNA polymerase, and the DNA was 
then digested with Sail. The resulting approximately 123bp Safl/blunt fragment 
representing 30bp of 5' untranslated DNA and the BPI signal sequence was gel 
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purified. Plasmid pING4512 (described above) was used to obtain a fragment 
rnntaimnp the coding region of residues 61-191 of BPI fused to IeG HC sequences. 
pING4512 was digested with EcdSI to cut the BPI sequence at the region encoding 
residues 60-61 (Glu-Phe, GAATTC). This resulted in a 5' overhang of 4bp: AATT. 
5 To make the 5' end of this fragment blunt and in frame beginning at residue 61 (Phe, 
TTC), the 3' recessed end of the bottom strand was filled in with T4 DNA 
polymerase in the presence of deoxyadenosine triphosphate only, leaving a 2 base pair 
5' overhang of AA. This 5' overhang was removed by treatment with mung bean 
nuclease to develop the desired blunt end. The desired rBPI-Ig-encoding DNA 

10 fragment, including some 3' flanking vector sequence, was then excised from the 
vector by cutting with Drain, a unique site located in the 3' polyadenylation region. 
The resulting blunt/Dram 1963bp fragment was gel purified. pING4528 was then 
constructed by ligating the following 3 fragments: the approximately 123bp 
Sdl/blunt BPI signal sequence fragment, the blunt/Drain rBPI-Ig containing 

15 fragment, and the SalUDraTE vector fragment from pING4506 (a plasmid essentially 
similar to rBPI expression vector pING4503 described above, but containing a gpt 
marker). 

5. Construction Of Other Vectors 

The vectors described above, pING4511, pING4512, pING4514, and 
20 pING4515, all contain the mouse dihydrofolate reductase (DHFR) gene as the 
selection marker. Similar vectors may be constructed comprising rBPI-IgG fusions 
with other selectable markers. For example, pING4529 contains a DNA insert 
identical to the insert contained in pING4512, but the vector contains the gpt selection 
marker instead of DHFR. 
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Other vectors for expression in mammalian cells, representing fusions 

of DNA encoding BPI £?<JU?nC?S End DNA **nrrwiinij TpG heaw rhain v/iiipjirf.v mav 

be constructed using methods as described herein. For example, the BPI portion of 
the fusion may include deletions of any part of the BPI sequence, other than those 
5 specifically described herein. Additionally, portions of the BPI sequence may be 
otherwise replaced, varied or mutated, or combinations thereof may be employed. 
The IgG portion may consist of any part of the sequence of the heavy chain constant 
region. 

B. Construction Of Vectors For Expression Of 
10 rBPHe Fusion Proteins Involving IgM Regions 

Plasmid pJBiZ* containing numan igM heavy chain genomic DNA 

cloned in pBR322 was used as the source of IgM HC constant region DNA 

sequences. The DNA sequence of human IgM HC constant region was obtained from 

the EMBL database, accession number XI 4940. A 1672bp Pstl fragment was excised 

15 from pJB123 (obtained from P. Leder) and was subcloned into the Pstl site of 
plasmid pT7T3 18U (Pharmacia) to generate plasmid pIC109. The excised Pstl 
fragment included the portion of the DNA sequence of IgM HC beginning at the 3' 
end of the intron immediately preceding the CH2 domain and extending into the 
intron located between the CH4 domain and the first membrane exon of the IgM 

20 sequence. The excised Pstl sequence further encoded exons coding for CH2, CH3, 
and CH4 domains of IgM HC, including the intervening sequences. The portion of 
the IgM DNA sequence which was used in the construction of the rBPI-IgM fusion 
vector was obtained as follows. Plasmid pIC109 was cut with Pstl. The ends were 
made blunt with T4 DNA polymerase, then the 3' end of the insert was cut with 



WO 93/23434 



PCTAJS93/04754 



-16- 

Baril. The resulting 1456bp fragment that resulted was gel purified. The 5' blunted 
e nH nf that fraPTTiftnt included an additional GTG, coding for valine, in front of the 
coding region of the CH2 exon. The Baril digest at the 3* end of the fragment cut 
the DNA 11 base pairs upstream of the termination codon located at the end of the 
5 CH4 exon. In order to reconstruct the 3' end of CH4 and put in an SstU site to 
facilitate cloning into the mammalian expression vector, two complimentary" 
oligonucleotides were synthesized: "IgM-BS link" having the sequence, 
S'-GCACCTCCTACTGACCGC-S' (SEQ. I.D. NO. 10) and "IgM-SB link" having 
the sequence 5'- GGTCAGTAGCAG-3% (SEQ. I.D. NO. 11). Annealing of these 

10 two oligonucleotides generated a small linker fragment with Baril and SstU sticky 
ends. To generate the final expression vector, the blunt/Banl IgM fragment 
(containing the CH2, CH3, and CH4 regions) and the BariUSstU linker fragment were 
ligated together with the lOObp BrtBI/blunt BPI 3' end fragment (as in part A, 3 
above) into the BstBl-SstU vector fragment from pING4506, an expression vector 

15 incorporating a DNA insert specifying the signal peptide and rBPI(l-199) residues, 
and including the gene for gpt selection. The resultant vector was designated 
pING4517. Plasmid pING4517 was deposited with the American Type Culture 
Collection, 12301 ParHawn Drive, Rockville, MD 20852 USA on May 12, 1992, 
under accession number ATCC 75242 

20 C. Construction Of Vectors For Expression Of rBPIala m -Ig Fusion Proteins 

Expression vectors were constructed comprising a BPI N-terminal 
fragment wherein a cysteine at residue 132 was replaced by an alanine. 
Recombinant-produced analogs of this type are generically designated "rBPIala 132 " and 
a fusion protein comprising such an analog fused to a constant region of an 
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immunoglobulin heavy chain is generically designated "rBPIala^-Ig." Three vectors 
rnn<;fnirtPii for expression of rBPTala ,32 -IgG fusion proteins, wherein the 
rBPIala 132 portion of the fusion comprised the first 191 or 176 amino acids of the BPI 
N-terminal (designated B rBPI(l-191)ala I32 -Ig" and H rBPI(l-176)ala 132 ", respectively). 

5 1. Construction OfrJNG4531 

To obtain pING4531, which contains rBPI(M91)ala 132 fused to a 
constant domain of an IgG heavy chain, plasmid pING4519 was first constructed. 
The construction of pING4519 is fully described in co-owned, co-pending U.S. Patent 
Application Serial No. 08/013,801 by Theofan. Briefly, a PvuU site (CAGCTG), 
10 which occurs only once in the DNA encoding rBPI(l-199) and which is located 
— between the cysteine residues at positions 132 and 135, was utilized to construct 
pING4519. DNA encoding the BPI(1-199) fragment, including a 31 amino acid 
signal sequence, was obtained by Sail and Sstll digestion of pING4503, a vector 
containing the BPI(1-199) fragment between unique Sail and SstU sites, the mouse 
15 immunoglobulin heavy chain enhancer element, the LTR enhancer-promoter element 
from Abelson murine leukemia virus (A-MuLv) DNA, the SV40 19S/16S splice 
junction at the 5' end of the gene to be expressed, and the human genomic gamma-1 
polyadenylation site at the 3' end of the gene to be expressed. 

The Satl-Sstll fragment containing BPI( 1-199) was purified and 
20 digested with PvuU, resulting in an approximately 529 bp Sall-PvuU fragment and an 
approximately 209 bp Pvull-SstU fragment, each of which was purified separately. 

Plasmid pING4519 contains a BPI -encoding insert in which the codon 
for cysteine at position 132 is replaced by a codon for alanine at that position. In 
order to generate that substitution, BPI-encoding sequences described above were 
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PCR-amplified using the primers BPI-6, AAGCTT(3TCGACCAGGCCTTGAGGT 
fSEO ID NO: 12) and BPI-14, CTGGAGGCGGTGATGGTG (SEQ ID NO: 13), 
which incorporated the base substitution necessary to encode an alanine at position 
132. PCR amplification was accomplished using the Gene Amp PCR kit (Perkin 
5 Elmer Cetus, Norwalk, CT) according to the manufacturer's instructions. The 
resulting PCR fragment was digested with Sail, resulting in a 529 bp Sail blunt 
fragment which was ligated with the approximately 209 bp PvuTL-SstU fragment 
described above and the large vector fragment resulting from SalL-SstTl digestion of 
pING4503 to generate pING4519. 

10 The plasmid of interest, pING4531, was then constructed by digesting 

pING4519 with AlwNl, treating with T4 polymerase, and digesting with Sail to 
generate an approximately 700 bp-fragment which contained residues 1-191 of rBPI(l- 
199)ala m . Next, an approximately 1565 bp fragment which contained the 
immunoglobulin portion of the fusion and additional downstream vector sequences 

15 was generated from pING4512 by digestion with Dral and Dram. Finally, 
pING4513 was digested with Drain, and Sail and the large vector fragment 
containing the gpt marker was purified. The three vector fragments described above 
were ligated together to produce pING4531. 

2. Construction Of PING4534 And pING4535 
20 Plasmid pING4534 contains a BPI-Ig fusion comprising a truncated 

form of rBPI which includes the initial 176 amino acids of the BPI N-terminus and 
in which the substitution of alanine for the cysteine at position 132 is present 
(designated "rBPI(M76) ala 132 ). Further, pING4534 contains only the CH2 and CH3 
domains of an IgG heavy chain. In order to generate the truncated rBPI(l-176) ala 132 
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analog, DNA encoding rBPI(l-199) was digested with BsiEl, which cuts after amino 
acid 167. The additional BPI sequences (i.e., amino acids 168-176) were replaced 
by using two annealed complementary oligonucleotides, BPI-24, 5'- 
CG AA AC AAG ATG A AC AGCC AGGTCTGCG AG-3 ' (SEQIDNO: 14) and BPI-25, 
5 5 '-CTCGC AG ACCTGGCTGTTCATCTrGTTT-3 1 (SEQ ID NO: 15). 

A vector, pING4534, comprising DNA encoding rBPI(l-176)ala I32 -Ig 
fusion protein was constructed by ligating an SstU-BstBl fragment from pING4531 
containing all the vector seqeunces and DNA encoding rBPI(l-176)ala 132 , an 
approximately 186 bp Mscl-Sstll fragment from pING4511 and the ArrBI-blunt 
10 fragment generated by annealing BPI-24 and BPI-25. 

Plasmid pING4535 is identical to pING4534 except that it also includes 
-the immunoglobulin hinge region. Plasmid pING4535 was constructed using 3 
fragments - the Sstll-BstBl vector and BPI-containing fragment from pING4531, an 
approximately 2 1 0 bp Dral-SstU immunoglobulin-encoding fragment from pING45 12, 
15 and a ZtoBI-blunt fragment generated by annealing BPI-24 and BPI-25. 

D. Construction Of Optimized Vectors For Expression Of rBPI-Ig Fusion Proteins 

1. Construction of rBPI-Containing Vectors 
Having Elements For Optimized Expression 

Plasmids were constructed which contained DNA sequences useful for 
20 optimized expression of rBPMg fusion proteins. In order to do so, several plasmids 
previously disclosed in co-owned, co-pending U.S. Patent Application No. 
08/013,801 by Theofan, et al. were used as sources of elements for optimized 
expression of fusion proteins. Such elements include, but are not limited to, an 
optimized Kozak translation initiation sequence and mouse light chain transcription 
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termination sequences. 

PlflcmiH pTNfM'm contains rBPKl-199)ala m with the initiating ATG 
in the context of the consensus Kozak translation initiation sequence, 
GCCACCRCCATGG (SEQ ID NO: 16) [Kozak, NucL Acids Res., 75:8125 (1982)]. 

5 That vector was made by PCR amplification of BPI sequences from a plasmid 
containing the full-length BPI cDNA [in pGEM-7zf(+)] using the PCR primer BPI- 
23: ACTGTCGACGCCACCATGGCCAGGGGC (SEQ ID NO: 17), incorporating 
a sail restriction side and the nucleotides GCCACC in front of the ATG (methionine) 
at position -27 of the BPI signal, and the primer BPI-2: 

10 CCGCGGCTCGAGCTATATTTTGGTCAT (SEQ ID NO: 18), corresponding to the 
3' and of the rBPI (1-199) coding sequence. 

The approximately 700 bp PCR amplified DNA was digested with Sail 
and EcdRI and the resulting 270 bp fragment, including approximately the first third 
of the BPI(1-199) coding sequence, was purified. That SaK-EedKL fragment was 

15 ligated to two other fragments: (1) a 420 bp EcoRI-SstTL fragment from pING4519, 
encoding the remainder of BPI(1-199) wherein alanine replaces cysteine at position 
132; and (2) an approximately 800 bp SstU-SaU vector fragment from pING4502 (a 
vector essentially similar to pING4503 except that it does not include the 30 bp 5' 
untranslated sequence and has a gpt marker rather than aDHFR marker), to generate 

20 pING4533 which contains a gpt marker. 

Another series of vectors was also constructed which contained 
elements used in the construction of vectors containing BPI-Ig fusions for optimized 
expression of the gene product Those vectors were based on pING4537, a vector 
essentially similar to pING4533 but which includes human light chain polyadenylation 

25 sequences and mouse light chain transcription termination sequences instead of the 
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human heavy chain sequences in pING4533. The mouse kappa 3' sequences were 
obtained frcrr. p IMG 3 170, 2n exprsssior. vector *vhich ?ncod?s e hu^ar Ii & ^t ^h^ii 
cDNA and includes a mouse genomic light chain 3' transcription termination 
sequence. This was accomplished by digesting with Sstl, which cuts 35 bp upstream 
5 of the mouse light chain stop codon, treating with T4 DNA polymerase to make the 
end blunt, then cutting with BamHl, and purifying an approximately 1350 base pair 
fragment which includes the mouse kappa 3' sequences. The resulting fragment 
consisted of approximately 250 bp of the 3' portion of the human light chain constant 
region cDNA and the polyadenalation signal followed by a BamHl linker as described 

10 in the construct called AS in Lui, et al. J. Immunol 139:3521 (1987). The remainder 
of the approximately 1350 base pair fragment consists of a BgKl-BamHl mouse kappa 
3' genomic fragment, which is fragment "D "of Xu, etal. 9 J. Biol Chem. 9 261:3838 
(1986), and which supplies transcription termination sequences. That fragment was 
used in a three-piece ligation with two fragments from pING4533 - the 3044 base 

15 pair fragment which includes all of the BPI insert and part of a vector obtained by 
digestion with SstE, T4 polymerase treatment, and Notl digestion, along with an 
approximately 4574 bp BamHl-Notl fragment. The resulting vector, pING4537 is 
identical to pING4533 with the exception of the above-noted differences in the 
genomic 3' untranslated region. 

20 Additional vectors containing the kappa 3' untranslated sequences were 

constructed using pING4537 as the source of the kappa 3' fragment. Such a fragment 
was isolated by digestion of pING4537 with Xhol (which cuts at a unique Xhol site 
occuring immediately after the BPI stop codon) and BamHl. The resulting 
approximately 1360 bp Xhol-BamHl fragment was used in a series of three-piece 

25 ligations to generate two vectors, both of which contain the optimized Kozak 
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translation initiation sequence at residue -27 of the signal sequence. The first of these 
vectors. pING4143, contains the j?pr marker and was obtained by ligating the 4574 
bp BamHl-Notl fragment from pING4223 with the Noil-Xhol BPI insert-containing 
fragment of approximately 3019 bp and the pING4537 Xhol-BaniHl fragment. A 
5 second vector, pING4146, contained the DHFR marker and was obtained by ligating 
a pING4222 approximately 4159 base pair BamHl-Notl fragment with a pING4223 
Notl-Xhol BPI insert-containing fragment of approximately 3019 base pairs, and the 
XhoI-BamHL fragment of pING4537. 

2. Construction Of Vectors For 
10 Expression Of rBPI-Ig FusionProteins 

x^ApiciMuji vc^iOiS cofiipiiSuig DNA encoding rBPI-Ig fusicn proteins 

were constructed which include elements leading to optimized expression of the fusion 

utilizing the plasmids described in the section immediately above. 

The first of these vectors, pING4156, includes the identical BPI- 

15 encoding region as in pING4512 and was constructed using vector fragments from 

three other constructions: 

1) A 270 bp Sall-EcdBI fragment from pING4143, which included the 
Kozak sequence and approximately the first one-third of the BPI coding region; 

2) Vector sequences from pING4143 obtained by digestion with Xhol, 
20 blunt-ending with T4 polymerase, and cutting with Sail; and 

3) The approximately 1092 bp EcoRl-Nael fragment from pING4512, 
containing the rest of the BPI sequence through amino acid 191 and the 
immunoglobulin sequences. 

The second such vector, pING4157, which contains a DNA insert 
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encoding rBPI(l-176) fused to an immunoglobulin hinge-CH2-CH3 region, was 
assembled from a three-piece ligation. The first piece was a 590 bp Satl-BstBI 
fragment from pING4145 (a vector essentially identical to pING4143, described 
above, except that it contains the wild type cysteine at position 132). That piece was 
5 ligated to vector sequences obtained from Xhol digestion of pING4145 which were 
blunted with T4 polymerase and cut with Sail. "The third piece of the ligation was 
an approximately 720 bp BstBl-Nael fragment from pING4535, While both 
pING4156 and pING4157 possess the gpt marker, constructions containing other 
markers, such as his or DHFR, may be constructed according to known techniques, 
10 including those described in the previous subsection. Two such vectors are 
pING4158 and pING4159, which are identical to pING4156 and pING4157, 
respectively except that both pING4158 and pING4159 contain a DHFR marker 
instead of gpt. 

A summary of all of the foregoing vector constructions which contain 
15 an rBPMg fusion protein is provided below in Table 1 . 
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EXAMPLE 2 

A. Trg-nsfectip" Of CHO C^M ^nr PrnHnrtinn Qf rKPT-TpH PiKinn Prntpin^ 

Mammalian cells are preferred host cells for production of proteins of 
the invention because such cells allow secretion and proper folding of heterodimeric 
5 and multimeric proteins and provide post-translational modifications such as 
pro-sequence processing and glycosylation. 

Mammalian cells which may be useful as hosts for the production of 
rBPMgG fusions include cells of lymphoid origin, such as the hybridoma Sp2/0-Agl4 
(ATCC CRL 1581) and cells of fibroblast origin, such as Vero cells (ATCC CRL 
10 81), CHO-K1, CHO-DXB11, or CHO-DG44. The latter cell line (a DHFR' mutant 
of CHO Toronto obtained from Dr. Lawrence Chasin, Columbia University) was 
- maintained in Ham's F12 medium plus 10% fetal bovine serum supplemented with 
glutamine/penicillin/streptomycin flrvine Scientific, Irvine, CA). 

CHO-DG44 cells were transfected with linearized pING4512, 
15 pING4514 or pING4515 DNA (40 ^g, digested with Pvwl, phenol-chloroform 
extracted and ethanol precipitated) using the calcium phosphate method of Wigler, et 
al., Cell, 11:223 (1977). Following calcium phosphate treatment, the cells were 
plated in T75 flasks and transfectants were obtained by growth in selective medium 
consisting of an aMEM medium lacking nucleosides (Irvine Scientific) and 
20 supplemented with dialyzed fetal bovine serum (100 ml serum dialyzed using 4L cold 
0.15 NaCl using 6000-8000 cutoff for 16 hours at 4°C). Untransfected CHODG44 
cells are unable to grow in this medium because they possess the DHFR- mutation and 
were removed during successive feedings with the selective medium. At 1.5-2 weeks, 
only microcolonies consisting of transfected cells were observed. For pING4512 and 
25 pING4514, the transfected cells were removed from the flasks by trypsinization and 
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subcloned by limiting dilution in 96 well plates. For pING4515, the transfected cells 
were £iuwii my <i mixed culture ir* selective medium supplemented v.ith OAyM 
methotrexate. Methotrexate-resistant cells were then removed from the flasks by 
trypsinization and subcloned by limited dilution in 96 well plates. 

5 Subclones were analyzed for the presence of IgG-reactive protein in 

culture supematants by anti-gamma ELBA. In this assay, Immulon-II 96 well plates 
(Dynatech) were pre-coated with goat a-human gamma antiserum. Supernatant 
samples where then added and peroxidase-labeled goat anti-human gamma antiserum 
was used for detection of bound a human gamma-reactive protein. For pING4512 

10 and pING4515 transfectants, the 15 most productive positive clones were expanded 
in selective aMEM medium. The pING4512 transfectants were then grown on 

- - selective medium supplemented with O.l^M methotrexate. For pING4514 
transfectants, the best producing 15 positive clones were expanded in selective QfMEM 
medium supplemented with 0.1 uM methotrexate. Productivity of the subclones was 

15 reassessed in extinct 48-well cultures by a-gamma ELISA. In the case of the 
pING4512 and pING4515 transfectants, the best isolates secreted about 5 and 10 
/xg/ml, respectively, based on the gamma ELISA. The single best subclone for the 
pING4514 transfectants secreted about 10 ^g/ml by the gamma ELISA. Supematants 
for the best pING4512 subclones as determined by the gamma ELISA were also 

20 positive in an anti-BPI ELISA. Three isolates from each of the pING4512 and the 
pING4515 transfectants and four isolates from the pING4514 transfectants were chosen 
for farther study. The best producing subclone in each of these groups was scaled 
up for production of rBPI-IgG fusion proteins. The best producers were pING4512 
(Clone 100M, strain C1551), pING4514 (Clone 8D7, strain C1552), and pING4515 

25 (Clone 4E6, strain C1549), These three cell lines were deposited with the American 
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Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852 USA, on May 
12, 1992 »nder acc??«pn number* ATCC cm 11043 ATCC CRL 11044. and 
ATCC CRL 11042, respectively. 

EXAMPLE 3 

5 A. Scale-Up Growth And Production Of BPI-IgG Fusion Proteins In Roller Bottles 
Growth in roller bottles was used for production of cells containing the 
rBPI-IgG fusions. The growth, isolation, and assay procedures which follow were 
performed using plasmid pING4512 and are presented here for exemplification. 
Similar procedures may be used for other plasmids according to the invention as 

10 would be apparent to one of ordinary skill in the art. For each roller bottle, a T150 
flask (containing 50ml of aMEM without nucleosides and 10% dialyzed fetal bovine 
serum) was inoculated with transfected cells and the cells were grown to confluence 
(-3-4 days). The cells were then trypsinized and transferred into a 900cm 2 roller 
bottle containing 500ml Ham's F12 media and 10% fetal bovine serum and grown to 

15 confluence (-3 days). Once confluency was reached, the Ham's F12 medium was 
removed and replaced with 500ml HB-CHO serum-free medium (Irvine Scientific, 
Irvine CA). It had previously been found that optimal purification of recombinant 
BPI fragments from roller bottles was achieved by adding sterile S-Sepharose beads 
(Pharmacia, fast-flow #17-0511-01) to the HB-CHO medium in the roller bottles as 

20 described in co-owned, co-pending, concurrently filed U.S. Patent Application, Serial 
No. 07/885,501 by Grinna (See also co-owned, concurrently-filed U.S. Patent 

Application Serial No. (Attorney Docket No. 27129/31405), the disclosures 

of which are incorporated by reference herein. The beads were first washed and 
autoclaved (20 minutes, 121°C and 10 ml aliquots) and were then added aseptically 
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to the HB-CHO medium in each roller bottle. The cells were then incubated at 3TC 

for ? <??.ys, ?t wV»ch tirnp thp rnpstfa/hpark wprp rpmnvpH tRPT-TpG fusion T»rodllCtS 

were purified from the beads as described below. Second and third production cycles 
(2 days/cycle) with the recovered cells in fresh HB-CHO media containing Sepharose 
5 beads may also be performed in order to increase the yield of rBPI-IgG from each 
roller bottle. Similar procedures may be used with T-flasks instead of roller bottles. 

B. Isolation Of rBPI -IgG Fusions 

Growth media and S-Sepharose resin were removed from roller bottles, 
pooled and left undisturbed for at least 15 minutes to allow the S-Sepharose to settle 

10 to the bottom of the container. The bulk of the media, clear of resin, was removed 
by decanting and filtered through a device, such as a fritted disc, allowing removal 
of cells and retention of the S-Sepharose. Following the decanting of the media, the 
S-Sepharose was suspended in an acetate buffer comprising 20mM sodium 
acetate/acetic acid at pH 4.0 containing 0.1M NaCl, stirred gently, and allowed to 

15 settle for 10 minutes. The buffer was then decanted and the S-Sepharose was 
transferred in a small volume to an appropriately sized liquid chromatography 
column. An Econocolumn (BioRad, Richmond,CA), 2.5 x 10 cm was used for a 20 
to 40 gram pooled sample of S-Sepharose resin collected from 3 to 5 roller bottles. 
The packed S-Sepharose column was washed with 0.1M NaCl-Acetate buffer until the 

20 A280 absorbance of the eluate was equal to that of the 0.1M NaCl-Acetate buffer. 
The column was washed sequentially with 0.7M NaCl-Acetate buffer, with 1.0M 
NaCl-Acetate buffer and with 1.5M NaCl-Acetate buffer. Fractions were collected. 
The rBPI-IgG fusion protein eludes predominantly in the 1.5M NaCl-Acetate buffer 
fraction. 
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EXAMPLE 4 

* o„ *: — r\f n«i,,«i„„„i a a vddtm lOCVi 

For the puipose of exemplification, the procedures used in this example 
were performed on the BPMg fusion protein expressed from cells which were 

5 transfected with pING4512 DNA. Polyclonal antisera were generated in rabbits 
(Cocalico Biologicals, Reamstown, PA) using a purified rBPI(l-199) fragment as the 
antigen. The rabbit antisera were found to be cross reactive with the eliciting antigen 
as well as with recombinant BPI holoprotein ("rBPI-50") and with an rBPMgG fusion 
protein (the expression product of pING4512), although the immunoreactivity was 

10 greater toward the eliciting antigen than toward either holo rBPI or the fusion. The 
antibodies were effective for use in EL1SA, on Western Blots, and for 
immunoprecipitation and were used at greater than a 1:2000 dilution for most 
applications. 



B. Procedures For SDS-Polvacrvlamide Gel Electrophoresis And Western Blot 
15 The protein samples from the 1.5M NaCl-acetate buffer eluate of the 

S-Sepharose column (described in Example 2) which contained the fusion protein 
secreted from pING4512 were separated by SDS-Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) under reducing conditions. The samples were first adjusted to contain 
less than 0.5ml NaCl and were then precipitated by the addition of ice-cold acetone 
20 to a final concentration of 75% acetone. The resulting protein precipitate was then 
pelleted by centrifugation at greater than 10,000 rpm for 5 to 10 minutes. The 
supernatant was removed and the precipitate was suspended in a gel sample buffer 
containing 8M Urea, 2% SDS, 60mM Tris HC1 at pH 6.8 with or without 50mM 
dithiothreitol. The suspended samples and appropriate protein molecular weight 
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standards (BioRad, Richmond, CA and BRL, Bethesda, MD) were heated separately 
to 95 °C for 3-5 niiivjtcs bt 1 ^ ^pn loaded onto uniform nercentaee or gradient 
percentage polyacrylamide gels (BioRad) and separated using a mini Protean II gel 
electrophoresis apparatus (BioRad). Following electrophoresis the gels were used 
5 directly for Coomassie staining (0.5% Coomassie Brilliant Blue-R, 25% isopropanol, 
10% acetic acid, stained for 1 hour, destained with 10% methanol, 10% acetic acid) 
or were used for electrotransfer. The proteins separated by SDS-PAGE were 
electrotransferred along with appropriate prestain standards proteins (BioRad) onto 
either nitrocellulose (BA85, Schleicher and Schuell, Keene, NH) or PVDF 

10 (Tmmobilon-P, Millipore, Bedford, MA) membranes. The transfer was achieved in 
10% CAPS (cyclohexylamino-l-propane sulfonic acid), 10% methanol, pH 11.5 for 
20 minutes at 0.5 amps. The resulting blots were used for amino acid sequencing or 
were processed either with Protein- A-gold to detect IgG heavy chain or with a 1:2000 
dilution of rabbit anti-rBPI antibody followed by 1-1000 dilution of peroxidase 

15 conjugated goat anti rabbit antibody to detect rBPI. For the rBPI Western blot, the 
Western Lite Chemiluminescent Detection System (Tropix System, Bedford, MA) was 
used according to the manufacturer's instructions to develop the blots. Gelatin 
(BioRad) at 0.25% was used in place of Tropix I-Block and the membranes were not 
dried following electotransfer. The processed membranes were exposed to Cronex 

20 4 film (Dupont, Wilmington, DE). 

Fig. 1 demonstrates the results of SDS-polyacrylamide gel 
electrophoresis of the BPI-Ig fusion protein produced from pING4512. The left lane 
is Coomassie stained gel. The middle and right lanes were electrotransferred to 
PVDF membranes and treated as for Western blots. The middle lane is a blot 

25 developed using Protein- A-Gold to detect human IgG. The right lane is a blot 
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developed using rabbit anti-BPI antibody followed by peroxidase conjugated goat anti- 
labull with detection usir.g the Western Lite Chsir-iluminescent T>^tinn Kit as 
described in Example 4. 

C. Molecular Weight Determination 

5 Samples eluted from S-Sepharose with 1.5m NaCl-acetate buffer were' 

analyzed using SDS-PAGE followed by Coomassie staining according to Section B 
above revealing, as the major component, a protein with an apparent molecular 
weight of 95,000 to 110,000 daltons corresponding to the size expected for a 
homodimer of the rBPI-IgG fusion. Under reducing conditions, the lOOkd protein has 

10 an apparent molecular weight of 45,000 to 50,000 daltons, corresponding to the size 
expected for a monomer of the same fusion. 

D. Amino Term inal Amino Acid Sequence 

The 1.5M NaCl-Acetate buffer eluate of the S-Sepharose column 
described in Example 2 above was run on a 12% SDS-polyacrylamide gel, transferred 

15 to PVDF membranes, and Coomassie stained to visualize the lOOkd protein band 
which was then sliced from the membrane and subjected to amino terminal amino 
acid sequencing using a gas phase sequenator (Applied Biosystems, Model 470A). 
The amino terminal amino acid sequence of the lOOkd protein was determined to be 
Val-Asn-Pro-Gly-Val-Val (SEQ. I.D. NO. 19). That sequence corresponds to the 

20 expected amino terminal sequence arising from in vivo secretory pathway cleavage 
of the signal sequence between amino acids -1 and + 1 of the signal sequence. 
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i 

E. Evidence For The Hybrid Nature Of The Fusions 

Samples of the same 1.5M NaCl-Acetate buffer eluate, run on SDS 
polyacrylamide gels, were electrotransferred to PVDF membranes and prepared for 
Western blot. Western analysis was performed using Protein-A-Gold to directly 
5 detect the IgG' heavy chain portion of the fusion protein. The results demonstrated 
that the 100 kd band contained IgG protein sequences. Western analysis was* 
performed on an identical electrotransferred sample processed using rabbit anti-BPI(l- 
199) antibody to detect the BP1 portion of the rBPl-IgG fusion protein. This Western 
analysis demonstrated the presence of BPI-immunoreactive protein in the 95 kd to 110 
10 kd region with only minor amounts of BPI-specific immunoreactivity at less than 95 
kd and greater than 110 kd. Western blot analysis of the rBPI-IgG fusion protein 
produced from plasmid pING4512 is shown in Fig. 1, wherein the left lane is 
Coomassie stained, the middle lane was developed with Protein-A-Gold and the right 
lane was developed using the rabbit antibody. 

15 F. Activity Assays 

Clinically relevant activities of BPI are presented by the fragment 
corresponding to the amino terminal region of BPI. These activities include the 
permeability increasing and bactericidal activities in Gram negative cells, Elsbach, ef 
al. J. Biol Chem., 252:14891 (1987), as well as its ability to bind soluble 

20 lipopolysaccharide (LPS) and to neutralize activation of neutrophils. The retention 
of these activities by the rBPI-IgG fusion proteins would suggest that the BPI portion 
of the fusion is in a correctly folded conformation. The CH2-CH3 (Fc) portion of 
the fusion should display Fc receptor- and complement-binding activities. The 
retention of these activities would demonstrate that the Fc region of the fusion is also 
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in a correctly folded conformation. Several assays were performed to assess the BPI- 
anri Fr- assoriate/1 activities of the various fusion proteins purified from CHO cells. 

1. Lipopolvsaccharide- Western Assay 

Samples, ranging in size from 20/xg to 60/xg each, of E. coli (Strain 
5 0111-B4) or S. minnesota (Rd mutant) lipopolysaccharide (LPS, Sigma, St. Louis, 
MO) were size fractionated by gel electrophoresis using 15% SDS-polyacrylamide 
gels as described above for the protein SDS-PAGE. Following electrophoresis, the 
LPS samples were electrotransferred from the polyacrylamide gel to nitrocellulose 
(BA 85, Schleicher and Schuell) together with prestained protein standards (BioRad) 

10 using CAPS buffer as described above for the electrotransfer of protein. These LPS 
blots were processed by soaking the membrane in 30mg/ml BSA, 50mM Tris, 0.2M 
NaCl, pH 7.4 (TBS) for 30 min at 37°C and then incubating the membrane in a 
solution containing 2-4 ^g of partially purified rBPMgG fusion protein or a control 
recombinant protein [rBPI(l-199) or holo-rBPI] in TBS for 12 to 18 hours at 21° to 

15 24°C. The membranes were then washed with TBS, changing the solution at least 3 
times over a period of 30 minutes. The membranes were then incubated for 3 hours 
in a 1:1000 dilution of rabbit anti-rBPI(l-199) antibody in TBS, 1 mg/ml BSA 
solution. After washing at least 3 times, the membranes were processed using the 
Western Lite Chemiluminescent Detection System as described above in Section B. 

20 A duplicate lane of the LPS gel was silver stained and the results for Rd. S. 
minnesota and 01U-B4 binding are respectively set out in Figures 2 and 3. The far 
left lane in each gel is the silver strained LPS. As shown by the Figures, rBPMgG 
fusion protein produced from plasmid pING4512 binds LPS fixed to the nitrocellulose 
as well or better than the control recombinant proteins, rBPI(l-199) and holo-rBPI. 



WO 93/23434 



PCT/US93/04754 



2. LipopQly$3CQhjiri<te Cflpfrre Assay 

rBPI-IgG samples and recombinant BPI proteins [rBPI(l-199 and holo 
rBPI] at several dilutions in a final volume of 50^x1 were bound to 96 well Immulon-2 
flat bottom multiwell plates (Dynetech Labs) in the presence of PBS. Following 
5 binding, the plates were washed with 0.05% Tween-20 and PBS and were incubated 
with £. coli 0111-B4 or S. minnesota Rd lipopolysaccharide (20 pg) in 0.05% 
Tween-20 and PBS for 2 hours at 3TC. The plate was then washed vigorously with 
0.05% Tween-20, PBS, developed using the Limulus Amebocyte Lysate kit 
(Whittaker, Walkersville, MD) and read at 405 nm in an EL309 microplate 

10 autoreader (Bioteck Instruments, Winooski, VT). The results are graphically set out 
in Figure 4 which shows that immobilized rBPI-IgG binds soluble LPS as well or 
better than the control recombinant proteins, rBPI(l-199) or holo-rBPI. 

Specifically, Figure 4 depicts results of the LPS capture assay wherein 
the sample contained No LPS (column A), no BPI (column B), LPS alone (column 

15 C), the rBPMg fusion protein produced from pING4512 (column D), rBPI(l-199) 
(column E), or holo-rBPI (column F). 

3. E. coli Growth Assays 

Bactericidal activity of BPI can be measured in several ways. In all 
such assays, the bactericidal effect of BPI can be reduced or eliminated by the 
20 addition of about lOOmM magnesium chloride. One such assay, the broth growth 
inhibition assay was applied to the rBPI-IgG fusions according to the invention. 

This assay is based on the inhibition of broth growth following 
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treatment of £. coli with BPI fragments or rBPMgG fusions proteins. Cells used in 

thl5 ZSS2y V/erC J5 C-I!s (Z "rough" Strain Of E rn ^ with short -rhain T P5?^ which wptp 

grown in a triethanolamine-buffered mineral salts medium (Simon, et al., Proc. Not'l 
Acad. ScL (USA), Shill (1964)) which renders the cells especially sensitive to the 
5 actions of BPL The cells were washed and resuspended in 0.9% NaCl to a density 
of about 5 x lOVml. Approximately 5 x 10 6 to 1 x 10 7 cells were then incubated for 
30 minutes with the pING4512 and pING4514 rBPI-Ig fusions proteins or 
recombinant protein, rBPI(l-199) at 5 /ig/ml of a buffered solution (10% Hanks 
Balanced salts, 40mM Tris-HCl, pH 7.5, 0.1% casamino acids) in a total volume of 

10 200-400/d. The fusion protein were also incubated with £. coli in the presence of 
lOOmM MgCl 2 . Following incubation with the rBPMgG fusion proteins or the 
rBPI(l -199) fragment alone, the cells were diluted with 10 volumes of nutrient broth 
supplemented with 0.9% NaCl and growth was followed for several hours. The 
results, as shown in Figure 5, demonstrated that the fusion proteins substantially 

15 retained the bactericidal activity associated with the rBPI(M99) protein, wherein line 
A represents treatment with the fusion protein produced by pING4512 and 
magnesium; line B represents treatment with the fusion protein produced by 
pING4514 and magnesium; line C represents the control [buffer only]; line D 
represents treatment with the fusion protein produced by pING4514; line E represent 

20 treatment with the fusion protein produced by pING4512; and line F represents 
treatment with BPI(1-199). As expected, this activity was inhibited by magnesium 
chloride. Similar results are obtained with the pING4515 rBPI-IG fusion protein. 

4. Fc Receptor Binding Assay 

The binding of the rBPI-Ig fusion proteins to Fc receptors was 
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examined using the human monocytic cell line, U937, which is known to express both 
uic high affinity PcRl (CD£1) receptor (Kd = 10 4 to in " 9 ) thp lower affinity 
FcRU (CD32) receptor (Kd = 10" 7 or higher). 

For this assay, U937 cells were incubated at 4°C in DMEM 4- 1% 

5 BSA, for 3 hours in V-bottom 96-well plates (3 x 10 5 cells/well, 100 yl) with either 
of two rBPI-Ig fusion proteins (derived from pING4512 and pING4514) at 
concentrations from lOOnM to 0.8 nM or with a chimeric mouse-human antibody 
positive control at concentrations from 67 to 0.5 nM. The cells were next washed 
3 times with DMEM 4- 1 % BSA (200 /U/wash; centrifuge plates at 1000 RPM, 4°Q. 

10 Goat a-gamraa peroxidase (1/4000 dilution) or a-kappa peroxidase (1/1000 dilution) 
was added to the wells and the cells were incubated at room temperature for 1 hr. 
- Following 3 washes, as described above, 100 ^1 color development reagent (5 mg 
ortho phenylenediamine dihydrochloride [o-PD] in 12.5 ml citrate buffer + 5 /d 
H2O2) was added to each well and the plates were incubated for 15-20 min. at room 

15 temp. The color development was stopped by addition of 100 /il/well of 1.8 M 
H 2 S0 4 and absorbance at A490 was determined. 

The results for detection with the a-gamma and a-kappa antibodies, 
shown respectively in Figures 6 and 7, demonstrate that the rBPI-Ig fusion proteins 
as well as the chimeric H65 IgG control bound to the U937 cells. In Figures 6 and 

20 7, line C represents the chimeric H65 IgG control; line B represents the BPI-Ig fusion 
protein produced by pING4514; and line A represents the BPI-Ig fusion protein 
produced by pING4512. The relative affinities of these proteins for the U937 cells 
were estimated as follows: pING45I2 product = ~7 nM; pING4514 product-- 4 
nM; and chimeric H65 IgG = -0.2 nM. These results suggest that the high affinity 

25 receptor (FcRI) is being bound by both the rBPI-Ig fusions and the chimeric H65 
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IgG. However, binding to other receptors (possibly the lower affinity FcRII) by the 

rRPT-Ttrn fn<rinn« cannot hp rnleH out since the absorhanr*: for these fusions at 

saturation was significantly higher (A490=2.0) than that of the chimeric "IgG at 
saturation (A490=0.4). These results may suggest that the fusions either bound to 
5 a greater number of receptors than the chimeric IgG or that the detection of the bound 
fusions with the a-gamma antibody was more efficient than detection of the bound 
chimeric IgG. Several other chimeric IgG's were tested (in comparison to the 
pING4512 fusion) with U937 cells and these behaved in a similar fashion to chimeric 
H65 IgG. A similar experiment as that described above was performed with the 

10 U937 cells and the pING4512 fusion expression product, chimeric H65 and rBPI(l- 
199), but using rabbita-human-BPI antiserum to detect the bound rBPI-Ig on the 
surface of the cells. The results, shown in Fig. 8, (wherein line A represents the 
BPMg fusion protein produced by pING4512; line B represents rBPI(l-199); and line 
C represents the chimeric H65 IgG Control) demonstrate that only the rBPI-Ig fusion 

15 protein could be detected on the surface of the U937 cells. 



EXAMPLE $ 
Properties of rBPI-Ig Fusion Proteins 

The ability of rBPI-Ig fusion proteins of the invention to bind heparin, 
the pharmacokinetic properties of the fusions, In vivo activity, and LAL inhibition 
20 were next measured. 



A. Comparative Heparin Binding of rBPI-Ig and rBPKl-199^ 

A direct 3 H-heparin binding assay was utilized to analyze the 
comparative binding of rBPI(l-199) and rBPMg fusions to heparin. The assay was 
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based on the ability of a derivatized nylon membrane to bind proteins with high 
^parity Snrh a membrane has been incorporated into the bottom of 96-well 
microtiter plates by Millipore Corp. (Bedford MA) (Multiscreen IP plates) and may 
be punched out of each well for scintillation counting. 
5 To conduct the assay, rBPI(l-199) or an rBPI(l-191)-IgG fusion protein 

was added to the wells of a 96-well plate at a concentration of 100 pmol/well diluted 
with phosphate buffered saline (PBS), pH 7.4 nylon membrane. Upon absorption to 
the membrane, the wells were blocked with a blocking buffer comprising 0.1% 
bovine serum albumin (BSA) in PBS. Serial dilutions of 3 H heparin (DuPont, NEN, 

10 Wilmington, DE) were made from 4-5 pg/m\ in the blocking buffer and incubated in 
the wells coated with either rBPI(l-199) and rBPI(l-191)-IgG for one hour at 4<>C. 
After one hour, unbound heparin was aspirated and the wells were washed three times 
with blocking buffer, dried, and removed for quantitation of bound 3 H-heparin by 
liquid scintillation counting. 

15 Results of the assay are shown in Figure 9, wherein open squares 

represent binding rBPI(l-199) to heparin; diamonds represent binding of 
rBPI(l-191)-Ig fusion proteins to heparin; and closed squares represent background. 
The results in Figure 9 indicate that, while rBPI(l-199) binds heparin within the 
expected range of BPI values (apparent affinity =114 + 30 nM), the fusion did 

20 not exhibit similar binding characteristics. Fusion proteins did not reach saturation 
even at the highest 3 H heparin concentration tested (2.5 /xM). Thus, rBPI(l-191)-IgG 
fusion binds heparin approximately three times higher than background, but not as 
well as rBPI(M99). 
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B. Pharmacokinetic Properties of rBPHp Fusion Proteins 

Thf* irt \rivn nharmarnlnnptir nrnrvrtipc nf rRPT-Tp fusion werp 

determined by administering an intravenous injection of 1 mg/kg 125 I-BPI(l-191)-IgG 
fusion protein or buffer to male CD rats. Blood samples were then collected from 
5 0.5 minutes until 24 hours after administration of the fusion protein or buffer and 
measured for l25 I radioactivity. The serum samples were also analyzed by TCA 
precipitation and by SDS-PAGE to determine the amount of serum radioactivity 
associated with rBPI-Ig and higher molecular weight proteins. 

Table 2 below and Figure 10, wherein triangles represent rBPI-Ig 

10 fusions and circles represent rBPI(l-199), provide pharmacokinetic parameters 
obtained from the foregoing study. The Table provides quantitative of the data taken 
from the curves on Figure 10. As noted in both Table 2 and Figure 10, serum 
concentrations of fusion protein followed a biphasic clearance for up to two hours 
post-dosing, with an atl/2 of 2.5 ± 0.2 minutes and a.j3-tl/2 of 39 ± 13 minutes. 

15 The mean residence time (MRT) (a measure of the persistence of the fusion protein 
in the body), clearance, central volume distribution (Vc), and steady state Volume 
distribution (Vss) are also shown in Table 2. Also in that table are data representing 
the area under the curves in Figure 10 which provides an additional measure of 
persistence in the body. There is no statistically-significant difference in any 

20 pharmacokinetic property measured in Table 2 or Figure 10 between rBPI(l-199) and 
rBPI(M91)IgG fusion protein. 
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C. In vivo Effica cy Of rBPI-I p Fusion Proteins 

A studv was conducted to evaluate the effirarv of rTVPT -Tcrf* fncionc in 

y - 0 - 

an in vivo lethal endotoxemia animal model. In this study, male ICR mice were 
administered an intravenous injection of a mixture of actinomycin-D (800 /xg/kg) and 
5 either 0. 1 /xg/kg or 0.3 /xg/kg of endotoxin (£. coli 01 1 1 :B4). Immediately following 
injection of actinomycin-D and endotoxin, the mice were administered a second 
intravenous injection of either rBPMgG fusion protein or a BPI formulation buffer 
comprising 20 mM sodium citrate, 150 mM sodium chloride with 0.1% poloxamer 
and 0.002% polysorbate 80, pH 5.0 (the "buffer control* group in Table 3). A group 
10 was given a second injection of PBS (phosphate buffered saline) (the "negative 
control" group in Table 3) Deaths were then recorded daily for a period of seven 
days. The results of this study are presented below in Table 3. 
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The results of this study indicate that rBPHgG fusion proteins p at 5 
actinomycin-D sensitized mice at endotoxic challenge of 0.3 fig/kg. 

D. IAL inhibition Assay 

5 rBPI(l-199) and rBPI(l-191)-Ig fusions were subjected to a Limulus 

Lysate (LAL) inhibition assay to determine the LPS binding properties of those 
compounds. Specifically, rBPI(M99) or rBPI(l-191)-Ig fusion were mixed in 
Eppendorf tubes with a fixed concentration of E. coli 0113 LPS (4 ng/ml final 
concentration) and incubated at 37° C for 3 hours with occasional shaking. Following 

10 incubation, 360 /xl D-PBS was added per tube to obtain an LPS concentration of 200 

pg/mL for the LAL assay . Each sample was then transferred into Immulon II strips 

(Dynatech, Chantilly, VA) in volumes of 50 fd per well. 

Limulus Lysate (Quantitative chromogenic LAL kit, Whitaker 
Byproducts, Inc., Walkersville, MD) was added at 50 per well and the wells were 

15 incubated at room temperature for 25 minutes. Chromogenic substrate was then 
added at a volume of 100 ^il per well and was well mixed. After incubation for 20 
to 30 minutes at room temperature, the reaction was stopped with addition of 100 pi 
of 25% acetic acid. Optical density at 405 nm was then measured in a multiplate 
reader (Vmax, Medical Devices Menlo Park, CA). 

20 Results of the LAL assay are shown in Figure 1 1 , wherein the solid 

line represents results obtained with rBPI(M91)-Ig fusions, the dotted line containing 
filled circles represents results obtained with rBPI(l-199) proteins, and the dotted line 
containing open squares represents a non-LPS control. As indicated in the Figure, 
there is no significant difference in assay results between rBPI( 1-199) and rBPI(l- 
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191)-Ig fusion proteins in terms of their ability to inhibit LPS stimulation in the 

Numerous modifications and variations in the practice of the invention 
are expected to occur to those skilled in the art upon consideration of the foregoing 
5 description of the presently preferred embodiments thereof. Consequently, the only 
limitations which should be placed upon the scope of the present invention are those 
which appear in the appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Theofan, Georgia 
Grinna, Lynn S 
Horwitz, Arnold 

(ii) TITLE OF INVENTION: BPI-Immunoglobulin Fusion Proteins 
(iii) NUMBER OF SEQUENCES: 19 

(iv) CORRESPONDENCE ADDRESS: 

<A) ADDRESSEE: Marshall, O'Toole, Gerstein, Murray & Borun 

(B) STREET: 6300 Sears Tower, 233 South Wacker 

(C) CITY: Chicago 

(D) STATE: Illlinois 

(E) COUNTRY i USA 

(F) ZIP: 60606-6402 

(v) COMPUTER READABLE FORM: 

. xrgrj 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Meyers Thomas C. 

(B) REGISTRATION NUMBER: 36,989 

(C) REFERENCE /DOCKET NUMBER: 30659 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX: 312/474-0448 

(C) TELEX: 25-3856 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1813 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

fii) MOLECULE TYPE: cDNA 
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(lx) FEATURE r 

(A\ NAME /KEY: CDS 

(B) LOCATION: 31.. 1491 

(ix) FEATURE: 

(A) NAME /KEY : matjpeptide 

(B) LOCATION: 124.. 1491 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

CAGGCCTTGA GGTTTTGGCA GCTCTGGAGG ATG AGA GAG AAC ATG GCC AGG GGC 54 

Met Arg Glu Asn Met Ala Arg Gly 
-31 -30 -25 

CCT TGC AAC GCG CCG AGA TGG GTG TCC CTG ATG GTG CTC GTC GCC ATA 102 
Pro Cys Asn Ala Pro Arg Trp Val Ser Leu Met Val Leu Val Ala lie 
-20 -15 -10 

GGC ACC GCC GTG ACA GCG GCC GTC AAC CCT GGC GTC GTG GTC AGG ATC 150 
Gly Thr Ala Val Thr Ala Ala Val Aan Pro Gly Val Val Val Arg He 

t 1 5 

TCC CAG AAG GGC CTG GAC TAC GCC AGC CAG CAG GGG ACG GCC GCT CTG 198 
Ser Gin Lys Gly Leu Asp Tyr Ala Ser Gin Gin Gly Thr Ala Ala Leu 
10 15 20 25 

CAG AAG GAG CTG AAG AGG ATC AAG ATT CCT GAC TAC TCA GAC AGC TTT 246 
Gin Lys Glu Leu Lys Arg He Lys He Pro Asp Tyr Ser Asp Ser Phe 
30 35 40 

AAG ATC AAG CAT CTT GGG AAG GGG CAT TAT AGC TTC TAC AGC ATG GAC 294 
Lys He Lys His Leu Gly Lys Gly His Tyr Ser Phe Tyr Ser Met Asp 
45 50 55 

ATC CGT GAA TTC CAG CTT CCC AGT TCC CAG ATA AGC ATG GTG CCC AAT 342 
He Arg Glu Phe Gin Leu Pro Ser Ser Gin He Ser Met Val Pro Asn 
60 65 70 

GTG GGC CTT AAG TTC TCC ATC AGC AAC GCC AAT ATC AAG ATC AGC GGG 390 
Val Gly Leu Lys Phe Ser He Ser Asn Ala Asn He Lys He Ser Gly 
75 80 65 

AAA TGG AAG GCA CAA AAG AGA TTC TTA AAA ATG AGC GGC AAT TTT GAC 438 
Lys Trp Lys Ala Gin Lys Arg Phe Leu Lys Met Ser Gly Asn Phe Asp 
90 95 100 105 

CTG AGC ATA GAA GGC ATG TCC ATT TCG GCT GAT CTG AAG CTG GGC AGT 486 
Leu Ser He Glu Gly Met Ser He Ser Ala Asp Leu Lys Leu Gly Ser \ 
110 115 120 
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AAC CCC ACG TCA GGC AAG CCC ACC ATC ACC TGC TCC AGC TGC AGC AGC 534 
Aen Pro Thr Ser Gly Lye Pro Thr lie Thr Cys Ser Ser Cya Ser Ser 
125 130 135 

CAC ATC AAC AGT GTC CAC GTG CAC ATC TCA AAG AGC AAA GTC GGG TGG 582 
His He Asn Ser Val His Val His He Ser Lys Ser Lye Val Gly Trp 
140 145 150 

CTG ATC CAA CTC TTC CAC AAA AAA ATT GAG TCT GCG CTT CGA AAC AAG 630 
Leu He Gin Leu Phe His Lys Lys He Glu Ser Ala Leu Arg Asn Lys 
155 160 165 

ATG AAC AGC CAG GTC TGC GAG AAA GTG ACC AAT TCT GTA TCC TCC AAG 678 
Met Asn Ser Gin Val Cys Glu Lys Val Thr Asn Ser Val Ser Ser Lys 
170 175 180 185 

CTG CAA CCT TAT TTC CAG ACT CTG CCA GTA ATG ACC AAA ATA GAT TCT 726 
Leu Gin Pro Tyr Phe Gin Thr Leu Pro Val Met Thr Lys He Asp Ser 
190 195 200 

GTG GCT GGA ATC AAC TAT GGT CTG GTG GCA CCT CCA GCA ACC ACG GCT 774 
Val Ala Gly He Asn Tyr Gly Leu Val Ala Pro Pro Ala Thr Thr Ala 

205 210 215 

GAG ACC CTG GAT GTA CAG ATG AAG GGG GAG TTT TAC AGT GAG AAC CAC 822 
Glu Thr Leu Asp Val Gin Met Lys Gly Glu Phe Tyr Ser Glu Asn His 
220 225 230 

CAC AAT CCA CCT CCC TTT GCT CCA CCA GTG ATG GAG TTT CCC GCT GCC 870 
Hie ABn Pro Pro Pro Phe Ala Pro Pro Val Met Glu Phe Pro Ala Ala 
235 240 245 

CAT GAC CGC ATG GTA TAC CTG GGC CTC TCA GAC TAC TTC TTC AAC ACA 918 
His Asp Arg Met Val Tyr Leu Gly Leu Ser Asp Tyr Phe Phe Asn Thr 
250 255 260 265 

GCC GGG CTT GTA TAC CAA GAG GCT GGG GTC TTG AAG ATG ACC CTT AGA 966 
Ala Gly Leu Val Tyr Gin Glu Ala Gly Val Leu Lys Met Thr Leu Arg 
270 275 280 

GAT GAC ATG ATT CCA AAG GAG TCC AAA TTT CGA CTG ACA ACC AAG TTC 1014 
Asp Asp Met He Pro Lys Glu Ser Lys Phe Arg Leu Thr Thr Lys Phe 
285 290 295 

TTT GGA ACC TTC CTA CCT GAG GTG GCC AAG AAG TTT CCC AAC ATG AAG 1062 
Phe Gly Thr Phe Leu Pro Glu Val Ala Lys Lys Phe Pro Asn Met Lys 
300 305 310 

ATA CAG ATC CAT GTC TCA GCC TCC ACC CCG CCA CAC CTG TCT GTG CAG 1110 
He Gin He His Val Ser Ala Ser Thr Pro Pro His Leu Ser Val Gin 
315 320 325 
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CCC ACC GGC CTT ACC TTC TAC CCT GCC GTG GAT GTC CAG GCC TTT GCC 1158 
Pro Thr Gly Leu Thr Phe Tyr Pro Ala Val Asp Val Gin Ala Phe Ala 
330 335 340 345 

GTC CTC CCC AAC TCC TCC CTG GCT TCC CTC TTC CTG ATT GGC ATG CAC " 1206 
Val Leu Pro Asn Ser Ser Leu Ala Ser Leu Phe Leu lie Gly Met His 
350 355 360 

ACA ACT GGT TCC ATG GAG GTC AGC GCC GAG TCC AAC AGG CTT GTT GGA 1254 
Thr Thr Gly Ser Met Glu Val Ser Ala Glu Ser Asa Arg Leu Val Gly 
365 370 375 

GAG CTC AAG CTG GAT AGG CTG CTC CTG GAA CTG AAG CAC TCA AAT ATT 1302 
Glu Leu Lys Leu ABp Arg Leu Leu Leu Glu Leu Lys Hie Ser Am lie 
380 385 390 

GGC CCC TTC CCG GTT GAA TTG CTG CAG GAT ATC ATG AAC TAC ATT GTA 1350 
Gly Pro Phe Pro Val Glu Leu Leu Gin Asp He Met Aen Tyr He Val 
395 400 405 

CCC ATT CTT GTG CTG CCC AGG GTT AAC GAG AAA CTA CAG AAA GGC TTC 1398 
Pro lie Leu Val Leu Pro Arg Val Asn Glu Lys Leu Gin Lye Gly Phe 
410 am 420 425 

CCT CTC CCG ACG CCG GCC AGA GTC CAG CTC TAC AAC GTA GTG CTT CAG 1446 
Pro Leu Pro Thr Pro Ala Arg Val Gin Leu Tyr Asn Val Val Leu Gin 
430 435 440 

CCT CAC CAG AAC TTC CTG CTG TTC GGT GCA GAC GTT GTC TAT AAA 1491 
Pro His Gin Asn Phe Leu Leu Phe Gly Ala Asp Val Val Tyr Lys 
445 450 455 



TGAAGGCACC 


AGGGGTGCCG 


GGGGCTGTCA 


GCCGCACCTG 


TTCCTGATGG 


GCTGTGGGGC 


1551 


ACCGGCTGCC 


TTTCCCCAGG 


GAATCCTCTC 


CAGATCTTAA 


CCAAGAGCCC 


CTTGCAAACT 


1611 


TCTTCGACTC 


AG ATT CAG AA 


ATGATCTAAA 


CACGAGGAAA 


CATTATTCAT 


TGGAAAAGTG 


1671 


CATGGTGTGT 


ATTTTAGGGA 


TTATGAGCTT 


CTTTCAAGGG 


CTAAGGCTGC 


AGAGATATTT 


1731 


CCTCCAGGAA 


TCGTGTTTCA ATTGTAACCA 


AGAAATTTCC 


ATTTGTGCTT 


CATGAAAAAA 


1791 


AACTTCTGGT 


TTTTTTCATG 


TG 








1813 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 487 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Arg Glu Aen Met Ala Arg Gly Pro Cys Asn Ala Pro Arg Trp Val" 
-31 -30 -25 -20 

ser Leu Met Val Leu Val Ala lie Gly Thr Ala Val Thr Ala Ala Val 
-15 -10 -5 1 

Aen Pro Gly Val Val Val Arg lie Ser Gin Lya Gly Leu Aep Tyr Ala 

5 10 15 

Ser Gin Gin Gly Thr Ala Ala Leu Gin Lye Glu Leu Lys Arg He Lys- 
20 25 30 

He Pro Asp Tyr Ser Asp Ser Phe Lys He Lys His Leu Gly Lys Gly 
35 40 45 

His Tyr Ser Phe Tyr Ser Met Asp He Arg Glu Phe Gin Leu Pro Ser 
50 55 60 65 

Rmr G1t\ Tie Ser Met Val Pro Asn Val Glv Leu Lvfl Phe Ser He Ser 
70 75 ' 80 

Asn Ala Asn He Lys He Ser Gly LyB Trp Lys Ala Gin Lys Arg Phe 

85 90 95 

Leu Lys Met Ser Gly Asn Phe Asp Leu Ser He Glu Gly Met Ser He 

100 105 110 

Ser Ala Asp Leu LyB Leu Gly Ser Asn Pro Thr Ser Gly Lys Pro Thr 
115 120 125 

He Thr Cye Ser Ser Cya Ser Ser His He Asn Ser Val His Val His 
130 135 140 145 

He Ser Lys Ser Lys Val Gly Trp Leu lie Gin Leu Phe His Lys Lys 
150 155 160 

lie Glu Ser Ala Leu Arg Asn Lys Met Asn Ser Gin Val Cys Glu Lys 
165 170 175 

Val Thr Asn Ser Val Ser Ser Lys Leu Gin Pro Tyr Phe Gin Thr Leu 
180 185 190 

Pro Val Met Thr Lys lie Asp Ser Val Ala Gly He Asn Tyr Gly Leu 
195 200 205 

Val Ala Pro Pro Ala Thr Thr Ala Glu Thr Leu Asp Val Gin Met Lys 
210 215 220 225 
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Gly Glu Phe Tyr Ser Glu Asn Hie His Asn Pro Pro Pro Phe Ala Pro 
230 235 240 

Pro Val Met Glu Phe Pro Ala Ala Hia Asp Arg Met Val Tyr Leu Gly 

245 250 255 

Leu Ser Asp Tyr Phe Phe Asn Thr Ala Gly Leu Val Tyr Gin Glu Ala 
260 265 270 

Gly Val Leu Lys Met Thr Leu Arg Asp Asp Met He Pro Lys Glu Ser. 
275 280 285 

Lys Phe Arg Leu Thr Thr Lys Phe Phe Gly Thr Phe Leu Pro Glu Val 
290 295 300 305* 

Ala Lys Lys Phe Pro Asn Met Lys lie Gin He His Val Ser Ala Ser 

310 315 320 

Thr Pro Pro His Leu Ser Val Gin Pro Thr Gly Leu Thr Phe Tyr Pro 
325 330 335 

Ala Val Asp Val Gin Ala Phe Ala Val Leu Pro Asn Ser Ser Leu Ala. 

340 3^5 mn 

Ser Leu Phe Leu He Gly Met His Thr Thr Gly Ser Met Glu Val Ser 
355 360 " 365 

Ala Glu Ser Asn Arg Leu Val Gly Glu Leu Lys Leu Asp Arg Leu Leu 
370 375 380 " 385 

Leu Glu Leu Lys His Ser Asn He Gly Pro Phe Pro Val Glu Leu Leu 
390 395 400 

Gin Asp He Met Asn Tyr He Val Pro He Leu Val Leu Pro Arg Val 
405 410 415 

Asn Glu Lys Leu Gin Lys Gly Phe Pro Leu Pro Thr Pro Ala Arg Val 
420 425 430 

Gin Leu Tyr Asn Val Val Leu Gin Pro His Gin Asn Phe Leu Leu Phe 
435 440 445 

Gly Ala Asp Val Val Tyr Lys 
450 455 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH! 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: sinole 

(D) TOPOLOGY x linear 

(ii) MOLECULE TYPE J cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGTATGGCCA GCACCTGAAC TCCT 24 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GAGGGCTTTG TTGGAGA 17 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Pro Ala Pro Glu Leu Leu 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CAGTTTAAAA CTCACACATG CCCACC 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: & amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ax) SftQu&XvCZ DECwiiH*TIC?T • Iv MO: 7: 

Lys Thr His Thr Cys Pro Pro Cys 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGCTTCCCAG TTCCCAG 17 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



WO 93/23434 



PCT/US93/04754 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TATTTTGGTC ATTACTGGCA GAGT "24 
(2) INFORMATION FOR SEQ ID NO: 10; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH x 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GCACCTGCTA CTGACCGC 18 
/2) INFORMATION FOR SEO ID NOill: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH} 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GGTCAGTAGC AG 12 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
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AAGCTTGTCG ACCAGGCCTT GAGGT 25 
(2) INFORMATION" FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS X 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY t linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CTGGAGGCGG TGATGGTG ' 18 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 

/R) TYPF? nnelaie acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CGAAACAAGA TGAACAGCCA GGTCTGCGAG 30 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CTCGCAGACC TGGCTGTTCA TCTTGTTT 
(2) INFORMATION FOR SEQ ID NO: 16: 



28 
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(i) SEQUENCE CHARACTERISTICS* 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 
iw; bihAnuruNcss; sxngxe 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GCCACCRCCA TGG 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS I 
<A) LENGTH: 27 baa* pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSx single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDKA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
ACTGTCGACG CCACCATGGC CAGGGGC 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: B ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CCGCGGCTCG AGCTATATTT TGGTCAT 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: peptide 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE? peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
Val Asn Pro Gly Val Val 



6 
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CLAIMS 

1. A hybrid fusion protein comprising, at its amino terminal, a 
oaciericiaai/permeaDiiity-increasing protein or a biologically active fragment -thereof 
and, at its carboxy terminal, at least one constant domain of an immunoglobulin 

5 heavy chain or an allelic variant thereof. 

2. The hybrid fusion protein according to claim 1 comprising two 
immunoglobulin heavy constant region domains. 

3. The hybrid fusion protein according to claim 2 wherein said two 
heavy chain constant regions are the CH2 and CH3 domains. 

10 4 - hybrid fusion proteins according to claim 1 further including 

an immunoglobulin hinge region in a position between the bactericidal/permeability- 
increasing protein and immunoglobulin portions of the fusion. 

5. The hybrid fusion protein according to claim 1 consisting essentially 
of the initial 191 amino acid amino terminal residues of bactericidal/permeability- 

15 increasing protein. 

6. The hybrid fusion protein according to claim 1 consisiting 
essentially of the initial 199 amino acid amino terminal residues of 
bactericidal/permeability-increasing protein. 



7. The hybrid fusion protein according to claim 1 consisiting 
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essentially of the initial 176 amino acid amino terminal residues of 
bactericidal/permeability-increasing protein. 

o. Tilt, jijruiiu fuMUJi pjutciii duuji umg iv claim 1 wherein a cysteine 
residue at position 132 in said bactericidal/permeability-increasing protein is replaced 
5 with another amino acid. 

9. The hybrid fusion protein according to claim 8 wherein said 
cysteine residue at position 132 in said bactericidal/permeability-increasing protein is 
replaced with alanine. 

10. The hybrid fusion protein according to claims 1, 2, 3, 4, 5, 6, 7, 
10 8, or 9 comprising human protein sequences. 

11. The hybrid fusion protein according to claim 1 in homodimeric 

form. 

12. The hybrid fusion protein according to claim 1 wherein said 
constant domain of an immunoglobulin heavy chain is selected from the group 

15 consisting of IgG, IgA, and IgM immunoglobulins. 

13. A DNA sequence encoding a hybrid fusion protein comprising, 
at its amino terminal, a bactericidal/permeability-increasing protein or a biologically 
active fragment thereof and, at its carboxy terminal, at least one constant domain of 
an immunoglobulin heavy chain or an allelic variant thereof. 
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14. The DNA sequence according to claim 13 comprising a DNA 
sequence encoding two immunoglobulin heavy chain constant region domains. 

15. The DNA sequence according to claim 14 comprising a DNA 
sequence encoding the CH2 and CH3 heavy chain constant region domains. 

5 16. The DNA according to claim 13 comprising a region encoding 

from the initial 176 amino terminal residues of BPI to the initial 199 amino terminal 
residues of bactericidal/permeability-increasing protein. 



17. The DNA according to claim 13 comprising a region encoding the 
initial 191 amino terminal residues of bactericioai/permeability-increasing protein. 

10 18. The DNA according to claim 13 comprising a region encoding the 

initial 199 amino terminal residues of bactericidal/permeability-increasing protein. 



19. A DNA vector comprising a DNA sequence according to claim 

13. 



20. The DNA vector according to claim 19 selected from the group 
15 consisting of pING4512 (ATCC 75239), pING4514 (ATCC 75240), pING45I5 
(ATCC 75241), and pING4517 (ATCC 75242). 



21 . A host cell stably transformed or transfected with a DNA sequence 
according to claim 13 in a manner allowing expression in said host cell of the hybrid 
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fusion protein encoded thereby, 

22. A procaryotic host cell according to claim 21. 

23. A eucaryotic host cell according to claim 21. 

24. A host cell according to claim 21 having the accession number 
5 ATCC CRL 11042, 

25. A host cell according to claim 21 having the accession number 
ATCC CRL 11043. 

26. A host cell according to claim 21 having the accession number 
ATCC CRL 11044. 

10 27. A method for producing a hybrid fusion protein comprising, at its 

amino terminal, a bactericidal/permeability-increasing protein or a biologically active 
fragment thereof and, at its carboxy terminal, at least one constant domain of an 
immunoglobulin heavy chain or an allelic variant thereof, said method comprising 
growing host cells according to claim 21 in a suitable culture medium; 

15 and 

isolating said hybrid fusion protein from said host cells or said culture 

medium. 
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28. A pharmaceutical composition comprising the hybrid fusion 
protein according to claim 1 and a pharmaceutical^ acceptable diluent, adjuvant or 
carrier. 

29. A method of treating bacterial infection, endotoxemia, sepsis, etc. 
5 in humans comprising administering an effective amount of the pharmaceutical 

composition of claim 28. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 



. ~ r 




WO 93/23434 



PCT/US93/04754 



7/11 




WO 93/23434 



PCT/US93/04754 




WO 93/23434 



PCT/US93/04754 



9/11 

FIG. 9 
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FIG. 10 
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FIG. 11 
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